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1
SYSTEMATIC DEFECT ANALYSIS METHOD
AND MACHINE READABLE MEDIA

BACKGROUND OF THE INVENTION

1. Field of the Invention

The disclosed embodiments of the present invention relate
to a defect analysis method, and more particularly, to a sys-
tematic defect analysis method which is able to analyze
defects with respect to given physical characteristics.

2. Description of the Prior Art

To fix yield problems in IC manufacturing, identifying root
causes of systematic defects is critical. Physical failure analy-
sis (PFA) is conducted on selected dies to understand defect
mechanisms. Since PFA is a time-consuming and expensive
process, the selection of dies should be carefully guided by
systematic defect diagnosis. In recent studies, many dies have
been discovered which have multiple defects; this issue there-
fore cannot be ignored in systematic defect diagnosis.

With suspected physical sites identified from several fail-
ing chips, many statistical analysis techniques have been
proposed for systematic defect diagnosis, i.e. determining
common root cause(s) of multiple defects among the failing
chips. Statistical learning and layout-aware diagnosis have
been proposed to estimate the failure rates of physical fea-
tures. Statistical independence inference and causal inference
have been used in systematic defect diagnosis to evaluate
DFM rules. The chi-square test technique has been used to
identify dominant open features, and the Z-test has been used
to identify layers of systematic defects. Most of the above-
mentioned techniques do not analyze a trend of defect occur-
rences associated with a given physical feature.

In light of the above, there is an urgent need for a novel
systematic defect analysis method which can improve the
issues of the prior art.

SUMMARY OF THE INVENTION

A systematic defect analysis method which is able to ana-
lyze defects with respect to given physical characteristics and
an associated non-transitory machine readable medium are
disclosed to improve the aforementioned issues.

According to an exemplary embodiment of the present
invention, a systematic defect analyzing method is disclosed.
The method comprises: partitioning physical sites into groups
according to a plurality of physical features of a chip corre-
sponding to different potential systematic defects; utilizing a
processor to compute at least one defect probability of each
group of physical sites; and deriving an analysis result
according to the plurality of defect probabilities correspond-
ing to the plurality of groups of physical sites.

According to another exemplary embodiment of the
present invention, a non-transitory machine readable medium
is disclosed. The non-transitory machine readable medium
stores a program code, wherein when executed by a proces-
sor, the program code enables the processor to perform a
systematic defect analysis method, and the method com-
prises: partitioning physical sites into groups to obtain a plu-
rality of groups of physical sites according to a plurality of
physical features of a chip corresponding to different poten-
tial systematic defects; utilizing a processor to compute at
least one defect probability of each group of physical sites;
and deriving an analysis result according to the plurality of
defect probabilities corresponding to the plurality of groups
of physical sites.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
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2

reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a flowchart illustrating a systematic defect analy-
sis method according to an exemplary embodiment of the
present invention.

FIG. 2 shows seven physical features in four categories
considered in this embodiment.

FIG. 3 shows an example of defect probabilities for a
physical feature, O.LAY.

FIG. 4 shows an example of the ratio of variance between
groups to variances within each group.

FIG. 5 is a diagram illustrating a computer system for
performing the systematic defect analysis method according
to an exemplary embodiment of the present invention.

DETAILED DESCRIPTION

Certain terms are used throughout the description and fol-
lowing claims to refer to particular components. As one
skilled in the art will appreciate, manufacturers may refer to a
component by different names. This document does not
intend to distinguish between components that differ in name
but not function. In the following description and in the
claims, the terms “include” and “comprise” are used in an
open-ended fashion, and thus should be interpreted to mean
“include, but not limited to . . . ™.

FIG. 1is a flowchart illustrating a systematic defect analy-
sis method 100 according to an exemplary embodiment of the
present invention. Provided that substantially the same result
is achieved, the steps of the flowchart shown in FIG. 1 need
not be in the exact order shown and need not be contiguous;
that is, other steps can be intermediate. Some steps in FIG. 1
may be omitted according to various embodiments or require-
ments. The systematic defect analysis method 100 is briefly
summarized as follows. In step S102, a plurality of physical
features (PF) regarding different potential systematic defects
of a circuit C (e.g. a portion of or all circuits of a chip) is
obtained. FIG. 2 shows seven physical features in four cat-
egories considered in this embodiment. Physical features are
denoted as “T.C’, where T indicates the related defect type,
and C represents the characteristic in a category. For example,
O.LAY is a physical feature related to open defects in a
particular layer. Physical features in the ‘LLocation’ category
are associated with systematic defects in a certain location or
aparticular layer. C.LOC is a physical feature associated with
systematic intra-cell defects in a certain region of the layout.
O.LAY and S.LAY are physical features associated with sys-
tematic open and bridging defects in a particular layer,
respectively.

Physical features in the ‘Planarization’ category are asso-
ciated with systematic defects induced by dishing and erosion
in a chemical mechanical polishing (CMP) process. Severe
erosion leads to large variations in dielectric thickness, which
may cause bridging defects due to metal residue and reduc-
tion of critical dimension in the lithography process. For
estimating dielectric thickness, accumulated metal density
(AMD), which considers metal density in multiple layers
underneath a certain region, is proposed. In this embodiment,
O.AMD and S.AMD are physical features to diagnose sys-
tematic open and bridging defects due to imperfect planariza-
tion. A physical feature in the “Stress’ category is associated
with stress-induced voiding (SIV), which occurs when high
stress or damaged sites exist beneath a via which is connected



US 9,213,799 B2

3

to a wide metal. The occurrence of SIV in a via is associated
with the connected metal density on the bottom layer of the
via, as denoted by O.CMD. Since vias with high O.CMD are
susceptible to SIV, this embodiment considers O.CMD as a
physical feature. A physical feature in the ‘Spacing’ category
is associated with insufficient via extension, which may cause
metal line-end shortening defects [24]. The length of the
shortening metal segment is restricted by the spacing rule,
which in turn may not provide enough extension for the via.
Therefore, this embodiment considers the metal density of
neighbor segments in the layers connected by a via, denoted
by O.NMD.

In step S104, physical sites of the circuit C are partitioned
into m groups G,-G,, according to their values of a given
physical feature. Physical sites are grouped in different ways
between discrete and continuous physical features. As shown
in the last column of FIG. 2, there are three discrete physical
features: O.LAY, S.LAY and C.LOC. There are four continu-
ous physical features, such as O.AMD and S.AMD. For a
discrete physical feature PFD, physical sites are non-uni-
formly divided into several groups according to their values
of PFD. For a continuous physical feature PFC, physical sites
are first sorted in increasing order of PFC, and then uniformly
divided into three groups. Further, according to the m groups
of'physical sites and n equivalence classes of suspected physi-
cal sites ES,-ES, obtained through defect diagnosis, a defect
probability DP,, of a physical sites group G; of the m physical
sites of a site where the equivalence classes of a suspected
physical site is located can be derived by using a computer,
wherein the n equivalence classes of suspected physical sites
are obtained by corresponding the n seed nets produced by the
systematic defect analysis method to physical sites in the
chip. DP,; is defined as:

ESy;
DPy = |ESy

m

> |ESy
=1

M

where |IES, | is the number of suspected physical sites in ES;
belonging to group G;.

FIG. 3 shows an example of defect probabilities for a
physical feature, O.LAY. Suppose that vias are partitioned
into three groups, G,, G, and G5, according to their layers. For
example, via V, and V, located in layer 1 are assigned to
group G,. Suppose that ES; has two suspected vias: V, and
V,. Since V, belongs to G, and V, belongs to G,, IES, ;| and
IES,,! are both 1. According to equation (1), defect probabili-
ties DP, |, DP,, and DP;, are 0.5, 0.5 and 0. ES, has only one
suspected viaV,, belonging to G, so DP,,, DP,, and DP;, are
1, 0 and 0, respectively.

In step S106, the variance in defect probabilities among
groups compared with those within each group is analyzed.
Since the variances within each group (variance-within-
group) could be caused by sampling errors, the summation of
these variances is regarded as the variance due to errors,
denoted by VA,. VA is calculated by equation (2), where
DP,.. denotes the sample mean of defect probabilities in the
k™ group. The DF, denotes the degree of freedom for VA,
wherein DF ;=m(m-1).

40

45

n @
(DP,; -DP.)
=

2

=
VAE =

DFf

Since the variance among groups (variance-between-
groups) is highly correlated with the factor, it is regarded as
the variance due to the factor, as denoted by VA..

&, 3
> n(DP, - DP.0)

k=1
VAF = DFr

where DFF =m— 1.

In this way, a ratio of variance=VA ./VA ;. can be obtained.
FIG. 4 shows an example of the ratio of variance. A high value
of the ratio of variance indicates that the variance between
groups of defect probability is significant (high variance-
between-groups value) and the variance within a group of
defect probability is not significant (low variance-within-
group value); while a low value of the ratio of variance indi-
cates that the variance between groups of defect probability is
not significant (low variance-between-groups value) and the
variance within a group of defect probability is significant
(high variance-within-group value). In step S107, when the
ratio of variance is greater than a specific threshold, the physi-
cal feature corresponding to the ratio of variance may be
suspected as a culprit physical feature, and the flow will enter
step S108 for further analysis; else, the flow will enter step
S114, which means that the physical feature corresponding to
the ratio of variance is not a culprit physical feature.

In step S108, for overall m groups, m-1 simultaneous
confidence intervals (SCI) are calculated for each group pair.
Given two groups, group a and group b, their respective
population means of defect probabilities are denoted by p,
and p,. A SCIfor -, denoted by SCl(a, b), is calculated for
this group pair (a, b). Although p, and p, are unknown, SCI
(a,b) can be estimated by sample means DP - and DP,.. Given
a significance level a, SCI(a, b) is calculated by equation (4):

SCl(a, b) = (DP,, —DP,,) £ CV,. - Sy “)

where S, is the standard deviation of -1, and CV, is the
critical value. Sab is estimated by equation (5) according to
VAE and n.

[1 1
Sap = VVAE ;+;

CV, is obtained by equation (6) using Scheffe’s method,
which is a statistical technique to control family-wise signifi-
cance level of overall m—1 SCI. In equation (6), Scheffe’s
method adjusts the square root of F, by m-1 to make the SCI
become more conservative.

®

V. ~m-17F, (6)

In this way, m-1 SCI between two neighboring physical
sites of the plurality of physical sites G,-G,, can be derived.
For instance, (G, G,) or (Gm- |, G,,). If all SCI include only
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negative values, then an increasing trend is identified; and if
all SCl include only positive values, then a decreasing trend is
identified; otherwise, no significant trend is identified. If
either an increasing or decreasing trend is identified, the given
physical feature is suspected as a culprit physical feature. It
should be noted that the trend-test is performed only for
continuous physical features, such as O.AMD, and not for
discrete physical features, such as O.LAY. In step S109, when
a significant trend is identified with respect to the physical
feature, step S112 will be entered, which means that the
physical feature is regarded as a culprit physical feature; else,
step S110 will be entered for further analysis.

In step S110, SCI is further utilized to calculate a promi-
nence result. The prominence-test is performed to identify a
prominent group whose defect probabilities are significantly
larger than those of other groups. For a particular group G,,
overall m-1 confidence intervals are calculated for group
pairs: (G, G)), (G4, G,) . . . and (G, G,,). If all confidence
intervals include only positive values, then G, is a prominent
group. If a prominent group is identified, the given physical
feature is suspected as a culprit physical feature. In step S111,
when a prominent result is identified with respect to the
physical feature, step S112 will be entered, which means that
the physical feature is regarded as a culprit physical feature;
else, step S114 which means that the physical feature is not a
culprit physical feature.

Please refer to FIG. 5, which is a diagram illustrating a
computer system 500 for performing the systematic defect
analysis method according to an exemplary embodiment of
the present invention. The computer system 500 includes a
processor 502 and a non-transitory machine readable medium
504. For instance, the computer system 500 could be a per-
sonal computer, and the non-transitory machine readable
medium 504 could be any storage device capable of storing
data in a personal computer, e.g. a volatile memory, non-
volatile memory, hard disk or CD-ROM. In this embodiment,
the non-transitory machine readable medium 504 stores a
program code PROG, wherein when the program code PROG
is loaded and executed by the processor 502, the program
code PROG enables the processor to perform the disclosed
multiple defect diagnosis method (i.e. the steps S102-S114
shown in FIG. 1) of the present invention. Those skilled in the
art will readily understand the systematic defect analyzing
method performed by making the processor 502 execute the
program code PROG after reading the above paragraphs;
further description is therefore omitted here for brevity.

Compared with the conventional defect analysis method,
the systematic defect analysis method disclosed herein can
analyze the trend and reliability of defects with respect to a
given physical feature, to effectively find out culprit defects.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. A systematic defect analyzing method, comprising:

utilizing a processor to perform following steps:

receiving a plurality of physical features and a plurality of
equivalence classes of suspected physical sites of a por-
tion or all of a chip;

partitioning physical sites into groups to obtain a plurality

of groups of physical sites according to the plurality of
physical features of a chip corresponding to different
potential systematic defects;

computing at least one defect probability of each group of

physical sites; and
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6

deriving an analysis result according to the plurality of
defect probabilities corresponding to the plurality of
groups of physical sites, wherein the analysis result
includes a trend result;
wherein the step of computing the defect probability of
each of the groups of physical sites comprises:
according to the plurality of groups of physical sites and
the plurality of equivalence classes of suspected
physical sites obtained through defect diagnosis,
computing a defect probability of each group of
physical sites of a site where an equivalence class of a
suspected physical site is located for each of the plu-
rality of equivalence classes of suspected physical
sites; and
the step of deriving the analysis result according to the
plurality of defect probabilities corresponding to the
plurality of groups of physical sites comprises:
computing a variance-within-group of each of the plu-
rality of groups of physical sites according to the
plurality of defect probabilities;
deriving a simultaneous confidence intervals (SCI)
between two neighboring physical sites of the plural-
ity of physical sites according to the plurality of defect
probabilities and a plurality of variance-between-
groups respectively corresponding to the plurality of
groups of physical sites, and further obtaining a plu-
rality of SCIs; and
obtaining the trend result according to the plurality of SCIs.
2. A systematic defect analyzing method, comprising:
utilizing a processor to perform following steps:
receiving a plurality of physical features and a plurality of
equivalence classes of suspected physical sites of a por-
tion or all of a chip;
partitioning physical sites into groups to obtain a plurality
of groups of physical sites according to the plurality of
physical features of a chip corresponding to different
potential systematic defects;
computing at least one defect probability of each group of
physical sites; and
deriving an analysis result according to the plurality of
defect probabilities corresponding to the plurality of
groups of physical sites, wherein the analysis result
includes a trend result;
wherein the step of computing the defect probability of
each of the groups of physical sites comprises:
according to the plurality of groups of physical sites and
the plurality of equivalence classes of suspected
physical sites obtained through defect diagnosis,
computing a defect probability of each group of
physical sites of a site where an equivalence class of a
suspected physical site is located for each of the plu-
rality of equivalence classes of suspected physical
sites; and
the step of deriving the analysis result according to the
plurality of defect probabilities corresponding to the
plurality of groups of physical sites comprises:
computing a variance-within-group of each of the plu-
rality of groups of physical sites according to the
plurality of defect probabilities;
deriving simultaneous confidence intervals (SCI)
between each of the plurality of physical sites accord-
ing to the plurality of defect probabilities and a plu-
rality of variance-between-groups respectively corre-
sponding to the plurality of groups of physical sites,
and further obtaining a plurality of SCIs; and
obtaining the prominence result according to the plural-
ity of SClIs.
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3. A non-transitory machine readable medium storing a
program code, wherein when executed by a processor, the
program code enables the processor to perform a systematic
defect analysis method, the method comprising:

utilizing the processor to perform following steps:

receiving a plurality of physical features and a plurality of

equivalence classes of suspected physical sites of a por-
tion or all of a chip;

partitioning physical sites into groups to obtain a plurality

of groups of physical sites according to the plurality of
physical features of a chip corresponding to different
potential systematic defects;

computing at least one defect probability of each group of

physical sites; and

deriving an analysis result according to the plurality of

defect probabilities corresponding to the plurality of
groups of physical sites, wherein the analysis result
includes a trend result;

wherein the step of computing the defect probability of

each of the groups of physical sites comprises:
according to the plurality of groups of physical sites and
the plurality of equivalence classes of suspected

20
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physical sites obtained through defect diagnosis,
computing a defect probability of each group of
physical sites of a site where an equivalence class of a
suspected physical site is located for each of the plu-
rality of equivalence classes of suspected physical
sites; and
the step of deriving the analysis result according to the

plurality of defect probabilities corresponding to the

plurality of groups of physical sites comprises:

computing a variance-within-group of each of the plu-
rality of groups of physical sites according to the
plurality of defect probabilities;

deriving a simultaneous confidence intervals (SCI)
between two neighboring physical sites of the plural-
ity of physical sites according to the plurality of defect
probabilities and a plurality of variance-between-
groups respectively corresponding to the plurality of
groups of physical sites, and further obtaining a plu-
rality of SCIs; and

obtaining the trend result according to the plurality of
SCIs.



